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Abstract
A series of experiments was carried out to examine object-based visual attention in an interference task. Observers were presented
with two transparently overlapping equilateral triangles forming a ‘‘Star of David’’. One of these triangles was darker than the
background, the other was lighter than the background. The observers were required to make a speeded choice response to the
orientation of the darker triangle. The presence of the light triangle produced a robust interference eﬀect that manifested as a slower
response time. This eﬀect was strongly modulated by the relative contrast of the target and distractor triangles. It was reduced when
the light distractor triangle was separated in depth from the target triangle. Since the conﬁguration rules out the possibility of 2-D
spatial selection, it is concluded that object-based selection occurs in interference tasks and that the eﬀectiveness of this selection is
modulated by visual attributes that are not directly relevant to the task.
 2003 Published by Elsevier Science Ltd.
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1. Introduction
A common view of visual attention is that it allows
the observer to cope with the massive amount of infor-
mation extracted from the visual scene at the sensory
level, by selecting part of the scene for further process-
ing. There are two distinct, but not necessarily exclusive,
theories of how such selection is achieved. Posner,
Snyder, and Davidson (1980), using a target detection
paradigm, demonstrated dissociation between shifts in
overt gaze and covert movements of visual attention in
response to prior cues. On this basis, visual attention has
subsequently been characterised as a ‘‘spotlight’’ or
‘‘zoom lens’’, via which the observer directs attention to
particular locations in the scene on the basis of prior
cues (Erickson & St. James, 1986; Posner et al., 1980).
An important aspect of strictly location-based theories
of attention is that there is a single focus of attention
that moves serially from location to location. Everything
that falls within the focus of attention is processed
preferentially––there are no ‘‘holes’’ within the ﬁeld of
attention.
An alternative theory of selection emphasises objects
as the basis of attention (Duncan, 1984). Under normal
viewing conditions, objects of interest usually occupy
diﬀerent spatial locations. Even in the covert orienting
task, there are boxes marking cued and uncued loca-
tions, so it is possible that the observer attends to an
object as well as a particular spatial location. In this
context, of particular interest are selective attention
tasks where objects such as line drawings (Duncan,
1984), or even moving images of complex scenes (Neis-
ser & Becklen, 1975), occupy the same region of visual
space. However, this manipulation in itself does not rule
out a role for spatial selection.
Indeed, some forms of object-based selection can ul-
timately involve spatial selection. Objects may act as
‘‘landmarks’’ that aﬀect the location and distribution of
a unitary focus of attention (Davis, Driver, Pavani, &
Shepherd, 2000; Stuart, Maruﬀ, & Currie, 1997). At-
tention to an object may involve selective allocation
to all the locations occupied by the object (Brawn &
Snowden, 2000; Kramer, Weber, & Watson, 1997; Stu-
art, Maruﬀ, Perera, & Currie, 2000) and may even in-
volve splitting of attention across noncontiguous regions
(Kim & Cave, 2001). This form of selection depends on
spatial selection, but is qualitatively distinct from sim-
pler ‘‘spotlight’’ metaphors (Cave & Bichot, 1999).
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Finally, attention may be allocated to spatially invariant
object representations (Vecera & Farah, 1994) so that
the cost of switching attention from one object to an-
other is independent of the distance between the two
objects. While this type of selection arguably represents
the most pure form of object-based attention, selection
of an object by spatially selecting its elements is still
highly relevant to the problem of the selection of over-
lapping objects.
A paradigm that has been used extensively to study
spatial attention is the ﬂanker interference task (Eriksen
& Eriksen, 1974; Miller, 1991). To our knowledge, this
paradigm has not yet been applied to the task of se-
lecting overlapping objects. In a typical ﬂanker task the
observer is required to respond to a target in a known
location in the presence of closely located, task-relevant,
but incongruent distractors (i.e., the distractors are as-
sociated with a diﬀerent response to that required to the
target). These distractors produce a slowing of response
time that falls oﬀ with increasing separation between
distractors and target. This eﬀect is usually taken to
reﬂect the operation of focused spatial attention. It is
not due to losses of visual acuity as retinal images of
distractors fall at increasing distances from the fovea, as
the eﬀect is still observed when the size of distractors is
increased to compensate for loss of acuity in the visual
periphery (Goolkasian, 1999).
Recent theories of interference eﬀects share an as-
sumption that if spatial attention fails due to the close
proximity of target and ﬂankers, information from both
the target and ﬂankers reaches higher levels of process-
ing, resulting in the need for response selection in order
to provide the correct response (e.g., Kornblum, Ste-
vens, Whipple, & Requin, 1999). According to these
theories, location plays a central role in perceptual se-
lection in the ﬂanker interference task (Tsal & Lavie,
1988). Flankers can only be ignored if they are at some
distance from the target, and only when the ‘‘perceptual
load’’ is high (Lavie & Tsal, 1994). The ﬂanker task with
only one or two distractors, that are easily discriminable
from the target, would be considered a low load task
(Lavie, 1995). Under these conditions it should not be
possible to visually select the target. As Sanders and
Lamers (2002) have recently argued ‘‘visual stimuli are
perceptually processed in parallel as long as they are
within the attentional focus’’ (p. 53).
To test the generality of this view, attempts have been
made to modulate the interference eﬀect by manipulat-
ing attributes other than spatial location when target
and distractor stimuli are in close proximity. For ex-
ample, Harms and Bundesen (1983) showed that when
ﬂankers and target at ﬁxed separation diﬀered in colour
the interference eﬀect was reduced, but only slightly,
relative to the situation where target and ﬂankers were
the same colour. In the comparable condition in a more
extensive study by Kramer and Jacobson (1991), a
similar result was obtained. Baylis and Driver (1992)
and Fox (1998) also found that making the ﬂankers a
diﬀerent colour to the target signiﬁcantly reduced the
interference eﬀect. Kim and Cave (2001) have shown,
using secondary reaction time probe tasks, that these
colour grouping eﬀects in the ﬂanker interference task
involve increased attention to locations occupied by di-
stractors that are the same colour as the target. This
suggests that colour-based selection should fail when the
target and ﬂankers occupy the same spatial location.
In contrast to the above ﬁndings, Maruﬀ, Danckert,
Camplin, and Currie (1999), using only a single ﬂanker,
found that the irrelevant colour of the ﬂanker had no
signiﬁcant eﬀect. This ﬁnding is not consistent with idea
that grouping on the basis of common colour modulates
interference, because this should still occur when target
and ﬂanker are the same, rather than diﬀerent, colours.
Neither is it consistent with the idea that interference is
modulated by the perceptual similarity or dissimilarity
of the target and ﬂankers, as suggested by Lamberts
(1994). It appears that when there are two or more
ﬂankers that are a diﬀerent colour to the target, the
target is more salient on the basis of its unique colour,
an eﬀect that cannot occur when there is only a single
ﬂanker. On this basis it should not be possible to
modulate interference eﬀects on the basis of task-irrel-
evant features of distractor stimuli when a target and a
single distractor occupy the same spatial location.
The experiments reported herein addressed the
question of whether other visual factors, apart from
spatial separation in two dimensions and grouping ef-
fects, will aﬀect the degree of interference between spa-
tially overlapping stimuli. The paradigm was designed to
be directly comparable to previous work using spatial
probes to measure selection of one of two overlapping
triangles forming a ‘‘Star of David’’ (Stuart et al., 1997;
Stuart et al., 2000; see also Brawn & Snowden, 2000).
This task is characterised as the overlay interference task
to diﬀerentiate it from the ﬂanker interference task.
Given the ﬁndings summarised above, particularly those
of Maruﬀ et al. (1999) showing no eﬀect of irrelevant
colour on ﬂanker intererence eﬀects involving single di-
stractors, we decided to investigate other visual factors
that have the possibility of providing strong modulation
of interference, similar to that provided by manipulating
spatial proximity. One such factor is separation in the
third dimension, which has received relatively little
consideration in general theories of the ﬂanker inter-
ference eﬀect. Andersen and Kramer (1993) have shown
that in the conventional ﬂanker task, separation of dis-
tractor stimuli in the third dimension reduces the inter-
ference eﬀect when lateral separation is held constant. It
was hypothesised that even when ﬂanker and distractor
stimuli overlap in two-dimensional space, separation
between target and distractor stimuli in depth will
nonetheless strongly modulate the interference eﬀect.
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The other factor of interest is the relative salience of
target and distractor stimuli. The eﬀect of the saliency of
stimuli competing for attention, although relevant to
interference tasks, has been studied almost exclusively in
the context of visual search tasks, where the location of
the target is not speciﬁed in advance. For example, Kim
and Cave (1999) showed that when searching for a circle
among squares, a uniquely coloured square distractor
could capture attention, but only shortly (60 ms) after
the onset of the display, and only if the uniquely col-
oured distractor was at some distance from the target.
This suggests that a salient distractor produces inter-
ference in a ‘‘bottom up’’ fashion by brieﬂy attracting
spatial attention away from the target. It is therefore
interesting to investigate whether interference eﬀects can
be obtained when a salient distractor is centred at the
same position as the target.
How well observers can selectively attend to over-
lapping stimuli has some important practical ramiﬁca-
tions. There is an increasing use of line-of-sight displays
in various settings, particularly in head-up displays in
aviation. In these systems, various types of symbology,
which are often of high contrast, are superimposed on
the outside environment. A particular concern is how
visual attention governs the ability of the operator to
eﬀectively select information from the outside world
and/or the overlapping display symbology (Wickens &
Long, 1995). One factor that has been raised in applied
studies is the eﬀect of the relative saliency of overlapping
stimuli. Salient stimuli (such as high contrast, sharply
rendered display elements) are thought to capture at-
tention at the expense of less distinctive features in the
outside environment (May & Wickens, 1995), consistent
with theories of attention in visual search (Itti & Koch,
2000). Additionally, in head-up displays cues such as
interposition and diﬀerential motion may cause the
display elements to appear closer to the observer than
the outside environment (McCann, Lynch, Foyle, &
Johnston, 1993). The eﬀects of saliency and 3-D sepa-
ration in the overlay interference task are therefore of
applied as well as theoretical interest.
2. General method
2.1. Participants
The participants were unpaid volunteers, who were
scientiﬁc research staﬀ or students. All had normal or
corrected-to-normal vision. Apart from the ﬁrst two
authors, all were naive as to to the purpose of the ex-
periment. Their ages ranged from 19 to 45 years. One
subject was excluded on the basis that his average re-
sponse time was more than two standard deviations
from the mean of the group. There were 12 participants
in each experiment.
2.2. Apparatus
An IBM-compatible Pentium II PC, running under
DOS 7.0 was used to display the experimental stimuli. A
Samsung 15GLe multisync monitor was used to display
VGA (640 480) graphics at a refresh rate of 60 Hz.
Stimulus presentation was latched to the vertical refresh
signal. A gamepad-style button box interfaced to the
games port was used to collect responses, which were
timed to sub-millisecond precision. A Tektronix Lu-
macolor photometer equipped with a J18 luminance
head was used to calibrate the monitor output.
2.3. Stimuli
The basic set of experimental stimuli is shown in Fig.
1. The main stimulus was a pair of overlaid equilateral
triangles, one apex up, the other apex down, which
formed a Star of David. The entire pattern subtended a
visual angle of 3 deg. In all experiments, the target tri-
angle was darker than the background. The observers
task was to judge whether the target triangle apex
pointed up or down, and to respond with a button press
as quickly as possible. The observer was instructed to
ignore the lighter triangle when it was present. On a
proportion of trials, there was only the target triangle
and these trials represented the baseline control condi-
tion. In some experiments, lighter neutral distrac-
tors such as circles were also used in a proportion of
trials. The background luminance was maintained at
50 cd/m2. At high contrast, the dark target triangle had
Fig. 1. Stimuli used in Experiment 1.
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a luminance of 5 cd/m2, and the light triangle a lumi-
nance of 95 cd/m2. Thus, the Weber contrast was 0.9.
At low contrasts, the luminance of the dark triangle was
45 cd/m2 and the light triangle 55 cd/m2, giving Weber
contrasts of 0.1. In all experiments there was an equal
number of upward and downward pointing target tri-
angles. The stimuli were always presented in random
order.
2.4. Procedure
The observers were seated comfortably in front of the
monitor, at a viewing distance of 78 cm. A chinrest was
not used, but the observers were able to maintain the
viewing distance for the duration of the experiment as
instructed. The task was explained with the two-triangle
stimulus present. The observers were instructed to look
at or near a small central ﬁxation point during the ex-
periment. Strict ﬁxation led to visual adaptation and
fading of the stimulus, especially low contrast elements,
due to the large uniform grey ﬁeld surrounding the
stimuli. Observers were asked to respond as quickly as
possible to the dark triangle, ignoring any other over-
lapping stimuli. Responses were made with the right
thumb, which rested between two buttons of the game-
pad. If the target triangle pointed up, they pressed the
button above the thumb, and if it pointed down, the
button below the thumb. Thus, there was a degree of
compatibility between stimulus and response. Response
times and error data were recorded. For each block of
trials––usually 300 trials––100 practice trials were com-
pleted before commencement. All observers made less
than 10% errors on the practice trials, and proceeded
directly to the main block. All observers made less than
10% errors in the main block of trials. As the number of
errors was small, and there was no evidence for a time-
error trade-oﬀ, only the analysis of response times for
correct responses is reported. The centre of the distri-
bution of response times was estimated using Tukeys
biweight estimator (Hampel, Ronchetti, Rousseeuw, &
Stahel, 1986). These estimates were analysed using re-
peated measures analysis of variance.
3. Experiment 1
Experiment 1 was designed to determine the magni-
tude of the interference eﬀect produced by the overlaid
distractor triangle when it was present. To provide a
more general framework within which to study this
question, we adopt the framework and terminology of
Duncan (1985). Within this framework, selection of an
object takes place on the basis of one of its attributes,
and the response is made according to another attribute.
Spatial location provides one possible basis for selection
or response. However, any other attribute may be used.
In this experiment and those that follow, the basis for
selection was that the target triangle was darker than the
background. This attribute was chosen because it pro-
vides the basis for selection at an early stage of visual
processing. The response attribute was the orientation of
the triangle.
The experimental stimuli are shown in Fig. 1. The
observers were asked to respond to the direction of the
darker triangle, and to ignore the lighter triangle or
circle if present. Pilot experiments indicated that a ro-
bust interference eﬀect was produced irrespective of
whether observers had to make a response to isolated
white triangles during the block of trials. That is, the
production of a robust interference eﬀect did not depend
on there being a response associated with the distractor
triangles colour. Rather, it was the response-relevant
property (triangularity) of the distractor that produced
the interference eﬀect. In this experiment we also at-
tempted to isolate the costs of segmenting the distractor
and the target objects, on the basis of the perceptual
attribute of contrast polarity, from the interference costs
associated with the distractor triangles orientation. To
explore this issue, we included a neutral distractor (a
circle of the average radius of the triangles) that was
superimposed on the target triangle.
3.1. Method
The method has been described in Section 2. The
target-only, distractor-interference, and neutral-distrac-
tor stimuli were presented in equal numbers. There were
100 trials for each condition, equally divided according
to the orientation of the target.
3.2. Results and discussion
The results are shown in Fig. 2. There was a robust
interference eﬀect, reﬂected in the overall signiﬁcance of
the main eﬀect of distractor condition [F ð2; 10Þ ¼ 54:1,
p < 0:001]. There was also a just-signiﬁcant interaction
between the direction of the target and the magnitude of
the interference eﬀect [F ð2; 10Þ ¼ 4:48, p ¼ 0:041]. This
eﬀect was not replicated in subsequent experiments and
may reﬂect a small response bias. The triangle distrac-
tor caused a large increase (54 ms) in response time
to the target which was highly signiﬁcant [F ð1; 11Þ ¼
109:7, p < 0:001]. Interference from the neural distrac-
tor was small (around 10 ms increase in response time)
but approached signiﬁcance [F ð1; 11Þ ¼ 4:47, p ¼ 0:058].
The diﬀerence in interference caused by the neutral
(circular) and triangular distractors was signiﬁcant
[F ð1; 11Þ ¼ 76:0, p < 0:001]. These results indicate that
the bulk of the interference eﬀect produced by the dis-
tractor triangle is due to task-relevant conﬂicting in-
formation. The costs associated with the presence of the
neutral circle were insigniﬁcant. This shows that the
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presence of another object in the same location as the
target produces little interference when that object lacks
the particular attribute that is relevant to the observers
response.
4. Experiment 2
In Experiment 2, the relative contrast of targets and
distractors was manipulated. As attentional costs asso-
ciated with reduced contrast operate independently of
factors aﬀecting later stages of processing, such as
stimulus-response compatibility, or number of response
choices (Nissen, 1977), stimulus contrast is generally
held to operate at early stages of visual processing.
Stimulus contrast is also an important aspect of the
theoretical construct of perceptual salience. Highly sa-
lient stimuli are thought to attract attention in an au-
tomatic manner, or at least to be more diﬃcult to ignore
than less salient stimuli, in particular when they are
task-relevant (Yantis & Egeth, 1999). On this basis, it
might be expected that the interference eﬀects seen in
Experiment 1 might be modulated by the relative con-
trast of the target and distractor. In this experiment, a
block design was used, where both the polarity and
contrast of the target were held constant within a block.
This minimised uncertainty about which of the over-
lapping stimuli was the target, as in the conventional
ﬂanker task, where the position of the target is speciﬁed
in advance.
4.1. Method
The method was the same as that used in Experiment
1, except that the relative contrast of targets and di-
stractors was varied. The background luminance was
maintained at 50 cd/m2. The relative contrast of target
and distractor was manipulated in two blocks of trials
that were presented in an order counterbalanced across
observers. In one block, the target remained at high
contrast (5 cd/m2) but the distractor was of lower con-
trast (55 cd/m2). In the other block, this relationship was
reversed: the luminance of the dark target triangle was
45 cd/m2, and the light distractor triangle was set at a
luminance of 95 cd/m2. The resulting combinations are
illustrated in Fig. 3.
4.2. Results and discussion
The eﬀects of target and distractor contrast on re-
sponse time to the target are shown in Fig. 4. When the
distractor was of high contrast and the target of low
contrast, there was no signiﬁcant interaction between
target direction and distractor type [F ð2; 10Þ ¼ 0:46,
p ¼ 0:64]. The increase in response time caused by the
triangle distractor was 87 ms which was highly signiﬁ-
cant [F ð1; 11Þ ¼ 205:9, p < 0:001], while that caused by
the neutral distractor was around 5 ms, and not signif-
icant [F ð1; 11Þ ¼ 2:27, p ¼ 0:16]. The diﬀerence in in-
terference between the triangle and neural distractors
was also highly signiﬁcant [F ð1; 11Þ ¼ 218:1, p < 0:001].
When the distractor was of low contrast and the
target of high contrast, there was no signiﬁcant inter-
action between target direction and distractor type
[F ð2; 10Þ ¼ 1:43, p ¼ 0:28]. The interference produced
by the low contrast distractors was greatly reduced, but
still signiﬁcant [F ð2; 10Þ ¼ 10:3, p ¼ 0:004]. The increase
in response time due to the triangle distractor was ap-
proximately 20 ms and was signiﬁcant [F ð1; 11Þ ¼ 15:0,
p ¼ 0:003], while that due to the neutral distractor was
11.5 ms and signiﬁcant [F ð1; 11Þ ¼ 13:6, p ¼ 0:004]. The
diﬀerence in interference between the triangle and neu-
tral distractors of 8.6 ms was not signiﬁcant [F ð1; 11Þ ¼
2:6, p ¼ 0:13].
Fig. 2. Mean response times from Experiment 1. A robust interference
eﬀect is apparent when the distractor triangle is present. A much small
response time cost is associated with the neutral cue, suggesting that
segmentation of the overlaid objects does not represent a major
component of the interference eﬀect.
Fig. 3. Stimuli used in Experiment 2. Note that the contrasts used in
this ﬁgure are for illustrative purposes only. Actual contrasts are given
in Section 2.
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It is interesting to note that for targets presented
without a distractor, there was also a signiﬁcant increase
in response time for the low-contrast targets when
compared to the high-contrast targets of approximately
30 ms [F ð1; 11Þ ¼ 53:7, p < 0:001]. There were no other
signiﬁcant main eﬀects or interactions. These results
were consistent with expectations, and suggest that the
relative salience of targets and of distractors can mediate
the degree of interference independently of spatial lo-
cation.
5. Experiment 3
In Experiment 3, the eﬀect of separating targets and
distractors in stereoscopic depth was investigated. In the
conventional ﬂanker task, separation in the third di-
mension has been found to moderate interference eﬀects
when target and distractors do not overlap (Andersen,
1990; Andersen & Kramer, 1993). In contrast, it has
been argued that saliency operates within a 2-D map
(Itti & Koch, 2000), and theories of response selection
also emphasise the role of spatial separation in two di-
mensions (Kornblum et al., 1999; Sanders & Lamers,
2002). Separation in the third dimension represents an-
other possible basis for perceptual selection of the target
triangle within the overlay interference paradigm. As in
the previous experiment, a block design was used. The
distractor (when present) was placed behind the target in
one block, and in front of it in another. This both the
absolute 3-D location of the target, and its relative po-
sition with regard to the distractor when separated in the
third dimension (in front of or behind) were known in
advance.
5.1. Method
The method was the same as that described in Section
2. As the previous two experiments had demonstrated
little eﬀect of neutral (circular) targets, they were deleted
in order to accommodate the additional 3-D conditions.
The stimuli were presented as stereoscopic pairs on the
face of a 21-in Barco monitor, and were combined using
a mirror stereoscope. Optical-quality uncoated front-
surface mirrors were used in this stereoscope. The
distractor stimuli were presented either in front of or
behind the target stimulus, as well as co-planar with it,
in separate blocks of trials. These blocks were presented
in counterbalanced order. The crossed and uncrossed
disparities of the distractor were 6.87 min arc, assuming
an average interocular distance of 6.2 cm (Boﬀ & Lin-
coln, 1988). This represented a distance of 2.6 cm in
depth at the viewing distance of 78 cm. Twelve observers
participated.
5.2. Results and discussion
In both conditions where the distractor was separated
in depth from the target (either in front or behind), there
was a clear reduction in the interference eﬀect, as shown
in Fig. 5. In the block of trials where the distractor was
sometimes placed in front of the target, there was a
signiﬁcant eﬀect of distractor condition (absent, co-
planar or in front) [F ð2; 10Þ ¼ 130:6, p < 0:001]. As in
the previous experiments, a large interference eﬀect was
produced by the co-planar distractor (60.1 ms) which
was highly signiﬁcant [F ð1; 11Þ ¼ 280:6, p < 0:001]. Less
interference was produced by the distractor placed in
front of the target (36.5 ms), but this eﬀect was still
signiﬁcant [F ð1; 11Þ ¼ 37:9, p < 0:001]. The reduction in
interference by moving the distractor in front of the
target was 23.6 ms and was signiﬁcant [F ð1; 11Þ ¼ 20:9,
p ¼ 0:001].
Similarly, when the distractor was sometimes placed
behind the target, there was again a highly signiﬁcant
overall eﬀect of distractor condition [F ð2; 10Þ ¼ 77:2,
p < 0:001]. Large interference eﬀects (55 ms) were pro-
duced by the co-planar distractor [F ð1; 11Þ ¼ 120:2,
p < 0:001]. Smaller interference eﬀects (26 ms) were
Fig. 4. Mean response times from Experiment 2. A high contrast
distractor presented with a low-contrast target (top) resulted in an
increased interference eﬀect compared to an equal-contrast condition
(see Fig. 2). When the distractor was of low contrast and the target of
high contrast (bottom) the interference eﬀect was almost abolished.
The eﬀect of the neutral distractor was small in both conditions.
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produced by the distractor placed behind the target
[F ð1; 11Þ ¼ 58:4, p < 0:001]. The reduction in interfer-
ence by moving the distractor behind the target was 29.3
ms and was also highly signiﬁcant [F ð1; 11Þ ¼ 24:6,
p < 0:001].
When data from the two blocks were combined, this
reduction appeared to be comparable, as the relevant
interaction term (involving distractor type and position)
was not signiﬁcant [F ð2; 10Þ ¼ 0:99, p ¼ 0:40]. There
were no interactions or signiﬁcant main eﬀects involving
target direction. Overall, the results demonstrate that
separation in the third dimension produces a reduction
in the interfering eﬀect of the distractor triangle, with no
evidence that the eﬀect of this separation diﬀers ac-
cording to whether the distractor was in front of, or
behind, the target.
6. General discussion
In the standard ﬂanker task, selection of the target is
based upon its position in 2-D space and the interference
produced by ﬂanking distractors is largely dependent
upon their lateral distance from the target (Goolkasian,
1999; Miller, 1991). We have shown that it is possible to
modulate distractor interference when target and dis-
tractor stimuli are presented in the same 2-D spatial
location and selected on the basis of another stimulus
attribute, in this case contrast polarity. When the dis-
tractor was response-incompatible there was a robust
interference eﬀect evidenced by longer response times to
the target. This delay reﬂects the costs of selecting the
relevant triangle on the basis of its perceptual features,
or the cost of selecting the appropriate response when
visual selection fails, or both. On the other hand, when
the distractor was response-neutral, the selection cost
was small, and so the observed eﬀect does not appear to
be due to any great extent to the cost of segmenting the
target and distractor from each other when they are
spatially co-located.
More importantly, we have shown that it is possible
to modulate the degree of interference caused by the
overlapping distractor by changes to other stimulus at-
tributes, namely separation in depth and relative con-
trast. This is consistent with the idea that object
selection may be modulated by properties not directly
involved in the task, which in this experiment was to
respond to the orientation of the darker of two over-
lapping triangles. These results are in contrast to those
of other studies using the conventional (2-D) ﬂanker
task, which have shown either no reduction in the in-
terference eﬀect (Maruﬀ et al., 1999), or only a small
reduction (Harms & Bundesen, 1983; Kramer & Jac-
obson, 1991) when targets and ﬂankers are perceptually
separated on the basis of additional attributes such as
colour.
The ability to select on the basis of 3-D location is
consistent with the results of Andersen and Kramer
(1993) who showed that in the conventional ﬂanker task,
simultaneous separation of target and ﬂanker both lat-
erally and in depth reduced the degree of interference.
These ﬁndings are also consistent with those obtained
using visual search paradigms, where observers can se-
lectively attend to one of two depth planes (Nakayama
& Silverman, 1986; Theeuwes, Atchley, & Kramer,
1998). It is interesting to note that the separation of
target and distractor in the third dimension alone re-
moves the need to compensate for loss of peripheral
acuity that occurs when the target location is ﬁxated
and the ﬂanker is presented at increasing eccentricities
(Goolkasian, 1999; Juttner & Rentschler, 1996). The
distractors used in the present experiment were pre-
sented at a separation in depth from the target equiva-
lent to 1.9 deg of visual angle. This produced just over
half of the interference eﬀect produced by co-planar
stimuli. Goolkasian (1999) found that the inteference
eﬀect with ﬂankers at an eccentricity of 2.5 deg was
about half that when the ﬂankers were presented at
0.62 deg, the smallest eccentricity employed. Thus, the
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Fig. 5. Mean response times from Experiment 3. In one block of trials,
the distractor triangle was presented stereoscopically either co-planar
with, or in front of, the target triangle (top). In the other block, it was
presented either co-planar with, or behind the target (bottom). In both
cases the interference eﬀect was reduced. No neutral distractors were
used in this experiment.
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evidence suggests that separation in the third dimension
has eﬀects approximately equivalent to lateral separa-
tion in interference tasks.
The modulation of interference caused by changing
the relative contrast of the target and distractor is not
consistent with the idea that ease of selection is solely a
function of target-distractor similarity (Lamberts, 1994).
The interference produced by the manipulation of the
relative contrast of the target and distractors was
asymmetrical: interference from a high contrast distrac-
tor on the response to a low-contrast target was greater
than that from a low contrast distractor on a high-con-
trast target. This asymmetry shows that observers did
not simply select objects on the basis of diﬀerences in
contrast; rather, it appears that the saliency of objects
inﬂuences the ease with which they can be attended to or
ignored.
In visual search experiments, it has been shown that a
salient distractor interferes with eﬀective search by at-
tracting attention away from the location of the target
(Folk & Remington, 1998; Kim & Cave, 1999). This
may be contrasted with the present ﬁndings, which,
consistent with studies of ﬂanker interference, show that
spatial proximity of a distractor stimulus increases the
interference eﬀect. Furthermore, it seems that the most
salient of two task-relevant objects can capture atten-
tion, even when those objects are centred around the
same location. The task-irrelevant distractors (circles)
produced very little eﬀect, even when the distractor was
of a high contrast and the target of low contrast.
This pattern of ﬁndings is consistent with those ob-
served in visual search experiments. According to Cave
and Wolfe (1990), an item can capture attention in one
of two ways. If it matches the target criterion then it
captures attention based on ‘‘top-down’’, goal-directed
selection. If it ‘‘pops out’’ of the display (i.e., its salience
is higher than other items) then it will attract attention
in a ‘‘bottom-up’’ fashion. However, Yantis and Egeth
(1999), among others, found that when the most salient
item in a display was not likely to be the target, ob-
servers were able to ignore the salient item. That is, top-
down selection processes predominated. This shows that
salient stimuli do not automatically engage attention,
except perhaps very brieﬂy following stimulus onset, as
demonstrated by Kim and Cave (1999). Thus, it is
possible that in our experiments, observers were able to
ignore the neutral circle distractor, even when it was
highly salient, because it was not relevant to the task,
and in particular to the response. Conversely, when the
distractor was a triangle, sharing at least one task rele-
vant attribute with the target, the salience of target and
distractor had a marked eﬀect on the size of the inter-
ference eﬀect. This implies that goal-directed selection of
the target on the basis of its contrast polarity could not
overcome the fact that the distractor triangle was
both relevant to the response, and sometimes highly
salient. Most importantly, this salience eﬀect operated
independently of spatial location, suggesting that sa-
lience can operate directly on object representations––in
a manner not consistent with the ‘‘spotlight’’ metaphor
of spatial attention.
Although it has been demonstrated that the task-
irrelevant visual properties of 3-D separation and fea-
tures modulate interference eﬀects, it is not possible to
deﬁnitively rule out a role for response selection in this
modulation, in line with response competition accounts
of interference eﬀects (e.g., Sanders & Lamers, 2002).
However, all but the strongest proponents of response-
level theories of selection in interference tasks allow a
role for spatial attention in deﬁning a zone of attention
around the target, consistent with the mass of evidence
for this form of visual attention (e.g., Pashler, 1998).
The fact that 3-D separation acts in a similar way to
lateral separation suggests a straightforward extension
of the special role of location in visual selection to the
third dimension. The ‘‘attentional focus’’ referred to by
Sanders and Lamers (2002) may also extend in depth
(Andersen & Kramer, 1993).
The evidence that manipulating the relative contrast
of target and distractor aﬀects selection at a perceptual
level, rather than at the level of response selection, is
largely circumstantial. Recent electrophysiological evi-
dence suggests that both perceptual and motor processes
play a role in resolving ﬂanker interference (Van t Ent,
2002). Using a task similar to the one used in the present
study, where diﬀerent coloured rectangles oriented ver-
tically and horizontally were superimposed, Giesbrecht
et al. (2002) showed, using evidence from both fMRI
and event related potentials, that ventral visual areas
were activated in interference conditions requiring non-
spatial selection of one rectangle based on its colour.
This ﬁnding is diﬃcult to reconcile with a purely re-
sponse-based selection account of interference eﬀects,
suggesting that there is at least a partial role for per-
ceptual selection in interference tasks.
When considering the eﬀect of relative contrast on
interference eﬀects, there is also direct physiological
evidence that neuronal responses in visual cortical areas
are modulated by both attention and stimulus contrast.
Reynolds, Pasternak, and Desimone (2000) showed that
neural responses in primate visual area V4 were modu-
lated by attention and this eﬀect was greater for low
contrast stimuli. Furthermore, when two stimuli fell
within the cells receptive ﬁeld, requiring attentional
suppression of one stimulus, the eﬀects of directed at-
tention and relative contrast on neuronal responses were
very similar (Reynolds & Desimone, 1997). Kastner,
Pinsk, Desimone, and Ungerleider (2000) have reported
consistent ﬁndings in an fMRI study of human visual
cortex. Nonetheless, it is also possible that relative
contrast operates at the level of response selection. If
both the high and low contrast triangles are fully pro-
1450 G.W. Stuart et al. / Vision Research 43 (2003) 1443–1453
cessed, it is possible that the high contrast triangle
provides stronger potentiation of the associated motor
response. This would provide an alternative explanation
for the eﬀects of salience when spatial distraction is not
possible, although to our knowledge direct evidence for
such a process is not yet available.
The strong and persistent interference eﬀects ob-
served in this set of experiments stand in contrast to the
weak eﬀects observed when object-based attention was
studied using a variant of the covert orienting task
(Stuart et al., 1997). Brawn and Snowden (2000) used a
‘‘Star of David’’ paradigm that diﬀered in a number of
ways from that of Stuart et al. (1997) but also found
weak eﬀects in the version of their task that was closest
to the standard covert orienting paradigm (i.e., detection
of a single luminance change). Using spatial probes
requiring discrimination, both groups found stronger
evidence that object-based selection can act via sensiti-
sation of the locations occupied by an object (Brawn &
Snowden, 2000; Stuart et al., 2000). In Andersen and
Kramers (1993) study, the triangles were larger and
were also of diﬀerent colours (although this was not
critical to the eﬀect), and stronger eﬀects were observed.
This implies that selection of the speciﬁc locations oc-
cupied by an object in these tasks is easier when these
locations are extended in space, as in visual selection of
noncontiguous locations on the basis of stimulus fea-
tures such as colour (Kim & Cave, 2001; Shih & Sper-
ling, 1996).
Similarly, the eﬀects of 3-D separation diﬀer between
the covert orienting and ﬂanker interference tasks.
When a standard covert orienting task is used in the
third dimension, attention appears to be ‘‘depth blind’’
(Ghirardelli & Folk, 1996). However, by placing dis-
tractor stimuli near the cued location, and requiring
observers to make a choice reponse in relation to
the target, Atchley, Kramer, Andersen, and Theeuwes
(1997) were able to demonstrate costs and beneﬁts of
spatial cuing in the third dimension. Thus, interference
tasks and spatial discrimination tasks both reﬂect ob-
ject-based and 3-D spatial selection. Covert orienting
tasks using simple detection probes reﬂect only 2-D
spatial selection. The reasons for this pattern of ﬁndings
are not yet clearly established, but one possibility is that
the substrate for selection in covert orienting tasks is
within the dorsal visual stream concerned with spatial
orienting and motor control (Milner & Goodale, 1995;
Ungerleider & Mishkin, 1982), and in particular with the
control of eye movements (Hoﬀman, 1998). This system
is concerned initally with the 2-D location of objects
that may be the targets of subsequent saccadic eye
movements, prior to the computation of 3-D vergence
movements or analysis of object features. Thus, the
detection of luminance probes may not be strongly
modulated by higher level object representations or the
three-dimensional properties of the visual array.
Finally, we turn to the practical ramiﬁcations of our
ﬁndings, in particular the role of visual attention in the
design and use of line-of-sight displays. The results
conﬁrm the potential for interference between display
elements and corresponding features in the outside en-
vironment. The fact that some high contrast distractors
were diﬃcult to ignore is consistent with the phenome-
non of ‘‘attentional capture’’ by highly salient display
symbology, and its proposed reduction by manipulation
of display contrast (May & Wickens, 1995). The fact
that aircraft head-up displays, despite being focused at
inﬁnity, appear closer to the observer means that it may
be diﬃcult to attend to the display and the outside en-
vironment in parallel. However, this may aid the ability
to attend selectively either to the display or to the out-
side world. The diﬀerential eﬀect of the task-relevant
and task-irrelevant distractors in the present experi-
ments also has implications for the design of symbology
for use in head-up displays. Symbols that are task-rele-
vant (e.g. conformal symbology such as horizon lines,
runways etc.) have the potential to produce robust
interference eﬀects, because they are associated with
responses that must be made to their real-world coun-
terparts (Stuart, McAnally, & Meehan, 2001).
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